
Historic, archived document 

Do not assume content reflects current 

scientific knowledge, policies, or practices. 



Pry ' 
ETI ge ea 

ee 
SSlers eSae 

. 

wg! 
MS 

v7 

= 

2 



jy GE ee Od BO ei Ba 

USDEPARTMENT OFACRICULIURE * 
No. 127 

Contribution from the Bureau of Plant Industry, Wm. A. Taylor, Chief. . 

September 16, 1914. oat 

(PROFESSIONAL PAPER.) 

THE MYCOGONE DISEASE OF MUSHROOMS AND 
ITS CONTROL. 

By F. J. Verameyer, Formerly Scientific Assistant in the Office of Pathological 

Collections and Inspection Work. 

INTRODUCTION. 

The industry of mushroom growing in this country has been steadily 
increasing until to-day large establishments for the cultivation of 
mushrooms are found in the vicinity of nearly all of the large cities. 
In the eastern part of Pennsylvania there are many extensive mush- 
room plants which supply the eastern markets. In one section there 
are more than 250 establishments whose collective product exceeds 
1,000,000 pounds of mushrooms annually, while many of the growers 
individually send to market over 100,000 pounds a year. ‘The sub- 
stantial manner in which the modern mushroom houses are con- 
structed and the extent and operation of the individual plants 
represent investments of considerable magnitude; consequently, the’ 
failure of a crop in even one mushroom house means a serious financial 
loss to the grower. Because the knowledge and conditions necessary 
for the successful cultivation of mushrooms are peculiar and unique, 
and while it is recognized that various factors—such as an unsuitable 
degree of humidity, imperfect ventilation, improper preparation of the 
beds, the presence of insects, and other unfavorable conditions—may 
be the cause of the loss of a crop ora large percentage of it, the growers 
have only recently been led to appreciate that a fungous disease is 
responsible for extensive losses. 

PREVALENCE OF THE DISEASE IN MUSHROOM BEDS. 

Many instances of total failures of mushroom houses are recorded. 
For example, one grower reports the complete failure of four houses 
and about two-thirds of another house. Houses that should have 

Notr.—This bulletin describes a disease of mushrooms which causes great losses to growers and gives 

methods of control. Of interest to mushroom growers generally. 
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produced more than 30,000 pounds yielded less than 1,000 pounds of 

mushrooms, owing to the ravages of this fungous disease. An 
establishment containing over 50,000 square feet of mushroom beds 
was abandoned on account of the heavy losses sustained. 

While the disease is prevalent in most localities where mushrooms 
are cultivated on a large scale, there are mushroom-raising plants in 
these infected districts where the disease has never made its appear- 
ance. There is, however, evidence of a local distribution of the 

disease, and unless proper measures to control the fungus are taken it 
will be only a question of time before all mushroom houses are 
infected. 

Costantin and Dufour (1892c)! state that under the ordinary condi- 

tions of cultivation in a great number of the caves or underground 
quarries in which mushrooms are cultivated abroad, the proportion 
of diseased to normal mushrooms is about 1 to 10. In less frequent 
cases this proportion rises to 1 to 4. Costantin and Dufour and 
Répin (1897) report the losses to the Parisian mushroom growers 
caused by this disease to be about $200,000 yearly. This loss is 
based on a daily estimated production of about 56,000 pounds, at 66 
cents per pound, the yearly production having a value of approxi- 
mately $2,600,000 and losses due to the disease being estimated at — 
probably one-tenth of the production. As nearly as can be ascer- 
tained these figures apply to the year 1892. 

OCCURRENCE OF THE DISEASE IN AMERICA. 

The occurrence of the fungous disease of cultivated mushrooms in 

America was first called to the attention of the Department of Agri- 
culture in 1909, when specimens of diseased mushrooms were sent to 
the department with requests for a diagnosis of the trouble. A 
microscopic examination revealed the presence of a fungus, a species 
of Mycogone, similar to, if not identical with, the species causing the 
European disease of mushrooms known as la méle. 

HISTORICAL REVIEW OF THE MYCOGONE DISEASE. 

OCCURRENCE IN EUROPE. 

The Mycogone disease of cultivated mushrooms has been known in 
England, France, and Germany for many years. In France it is 
reported as having been recognized ‘‘for at least three generations of 
mushroom growers,” and it is believed that it was known at a much 
earlier date. Probably the first reference to the disease in scientific 
literature was that of Magnus, who described it in 1888 as being the 
most serious enemy of mushroom growing around Berlin. 

1 All references to literature are indicated in the text by the name of the author and the year of publi 

eation. For full citations, see the list at the end of this bulletin. 
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IDENTITY OF THE FUNGUS. 

The common identity of the fungi studied by different investigators 
in relation to the disease of mushrooms has not been established, but 
it is interesting to note that in each study one of the three concerned 
in the life history of the fungus causing the mushroom disease, e. g., 
Mycogone, Verticillium, or Hypomyces, is the subject of investigation. 
Owing to the similarity of the fungus causing the disease to<¢ertain 

-stages of diseases of wild species of mushrooms, Magnus called the 
fungus Hypomyces perniciosus. No technical description was given 
by this author and the fungus was only a hypothetical stage of 
Hypomyces. 

Cooke (1889) in England identified the fungus which was causing 
considerable loss to mushroom growers as ‘‘a species of Mycogone not 
unlike Mycogone rosea in many of its features, but referable to 
Mycogone alba,’ notwithstanding the fact that he described the larger 
cells of the Mycogone spores as becoming amber colored. 

In Vienna, Austria, Stapf (1889) described a disease of cultivated 
mushrooms, which was attributed to Verticilium agaricinum Corda, 
a conidial stage of Hypomyces ochraceus Pers. Stapf found several 
spores of Mycogone, but could not connect them with Verticillium. 

Prillieux (1892) described a disease of mushrooms and identified it 

as Mycogone rosea, which by analogy he considered a conidial stage of 
Hypomyces link Tulasne, although the perfect stage of the fungus 
had never been observed. 

In the same year Costantin and Dufour (1892a) published a note on 

the disease then known as ‘‘la molle.’”’ They described the macro- 
scopic and microscopic characters of the disease and stated that the 
fungus is very similar to Mycogone cervina, though it differs in habitat, 
or host plant. ‘Two types of modification of the mushroom caused by 
the fungus are described. In the first type the cap, stipe, and gills 
are well defined, though the presence of the disease is indicated by a 
stipe swollen at the base, swelling of the gills, and distortion of the 
cap. The second type of the disease is manifested by an early arrest- 
ing of the development of the mushroom, the cap is rudimentary or 
entirely lacking, and the stipe, or stem, is swollen to such a size that 
the affected mushroom has the appearance of a puffball. On the dis- 
eased mushrooms of the first type Mycogone and Verticillium spores 
were found. The Verticillium spores were long, cylindrical-oblong, 
and sometimes two celled. The relationship of these two forms, 
Mycogone and Verticillium, was established by finding the two kinds 
of spores growing on the same mycelium. The second or puftball-like 
type of diseased mushrooms has only a Verticillium with small 
unicellular spores, microscepically quite different from the Verti- 
cillium of the first type. 
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It was at first thought that there were two different diseases, but 
when a sufficient number of specimens were studied all transitions 
between the two forms of Verticilltum were found and it was estab- 
lished that it was one disease with two very dissimilar forms of 
fruiting bodies. 

Costantin explained that, together with Dufour, he had previously 
stated that the fungus was similar to Mycogone cervina, but that 
they had not identified it with that species. The fungus also did 
not agree with the description of Mycogone rosea. ; 

Costantin and Dufour (1892¢ and 1893a) give the most exhaus- 
tive study of this disease of cultivated mushrooms. They discuss 
the two characteristic types of infection, as described in their pre- 
vious article, designating them as the common form and the sclero- 
derma or puffball-hke form. The discussion of the fungus immedi- 
ately following embodies the observations made by these authors. 
A microscopic examination of the common form, as previously 
described, revealed the presence of a Verticilium having large spores 
variable in size and form. ‘The large spores are two celled, 16 ta 
20 by 3.5 », while the small spores are more numerous and one 
celled, 8 by 3 ». This Verticillium is usually found on the gills in 
an early stage of the disease. At a later stage of the disease the © 
mushroom is covered with a thick white coating consisting of long 

irregularly and verticillately branched hyphe, upon which are borne 
bicellular ‘‘chlamydospores’”’ of a Mycogone. In rare cases these 
large Mycogone spores are three celled and much longer than the 
usual 2-celled spores. At first these two cells are smooth, hyaline, 
or colorless, and almost equal in size; later the terminal cell becomes 
swollen, amber colored, and covered with warts. It is spherical in 

shape and measures about 16 to 20 yw. The lower or basal cell is 
smaller, smooth, colorless, and 14 to 16 » in size. 

In specimens of the puffball-lke type of infection the color is at 
first a dirty white, becoming pearl gray or pale rose gray as the 
disease advances. In this latter stage the deformed mushroom is 
covered with a hght velvety tomentum or hairlike coating formed 
of httle tufts or filaments much more branched and scattered and 
thinner, but still of the form of Verticilium. The spores are uni- 
cellular, more numerous than the form just described, and much 
smaller, being 4 by 2 » in size. 

Magnus (1906), Cooke (1889), and Prillieuwx (1892) probably 

observed the disease in the common form, 1. e., the Verticillium 

with large spores and the Mycogone spores, while Stapf (1889), who 
reported only a Verticillium stage, examined the disease in the 
puffball-ike stage, where only the Verticilium with small spores 
was present. 

BEES POEL ar ee a etee 2 
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As previously suggested by Costantin and Dufour, it might be 
supposed that these two forms of Verticilium belonged to two 
distinct diseases. A specimen was found infected in the puftball- 
like manner which had a rose-gray velvety covering and at the 
same time a whitish woolly coating, on the lower part the Verti- 
cilium with small spores, and on the upper part Mycogone and the 
Verticilium with large spores. There was a gradual transition from 
the Mycogone and large-spored Verticillium to the small-spored 
Verticilium. The conclusion is then drawn that there is one dis- 
ease with two forms of Verticilium. This is an interesting fact, 
since Costantin and Dufour by sowing the large-spored Verticillium 
in suitable media produced Mycogone spores. The cultures were 
at first drab in- the center and white at the margin, finaily be- 
coming a color intermediate between light leather and umber. It 
was impossible to cultivate the large-spored Verticillium alone, as 
this form was always accompanied by the production of Mycogone 
spores. 
When cultures were made trom the small-spored Verticillium of 

puffball-lke infected mushrooms, they remained permanently white 
and only the Verticillium with small spores was produced. Never 
could the small-spored Verticilium be made to take the characters 
of the large-spored Verticilium. 

Tt is concluded that this parasite of the cultivated mushrooms 
differs from Mycogone rosea and Mycogone cervina in habitat, size, 
and color of the “‘chlamydospores,”’ but that it is the species named 
by Magnus (1906) Hypomyces perniciosus, although his description 
was insufficient and he regarded the ‘‘chlamydospores” as being 
hyaline, whereas this is only the case in immature spores, for they 
rapidly become amber colored. The authors designate the species 
as Mycogone permciosa Magnus. 

Evidently Prilliieux (1892), who believed the species to be Mycogone 
rosea, later agreed with Costantin and Dufour in considering: it 
Mycogone perniciosa, for the sketch he presented before the Botanical 
Society of France has been reproduced and designated as Mycogone 
perniciosa (Prilheux, 1897). 

Delacroix (1900) described the disease ‘‘la méle’’ as the most 

important of the diseases of cultivated mushrooms, and ascribed it 
to the fungus Mycogone perniciosa Magnus. 
Magnus (1906) discussed the work of preceding investigators and 

concluded that the Verticidlium agariconum (Lk.) Cda. given by 
Stapf (1889) as causing a serious disease of cultivated mushrooms 
at Vienna is rather Mycogone rosea Lk. than Mycogone perniciosa 
Magnus as given by Costantin and Dufour. However, the question 
of specific identification is one which Magnus states requires further 
study. 
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The fungus causing the disease in American houses is probably the 
one described by Costantin and Dufour (1892c) and called Mycogone 
perniciosa Magnus. Costantin (1893a) gives the morphological dif- 
ferences between Jycogone rosea and Mycogone perniciosa, and, 
although there has been no opportunity to compare our fungus with 
the European species, it is thought that the two species are identical, 
as they agree in both macroscopical and microscopical characters. 

INVESTIGATIONS OF THE MUSHROOM DISEASE IN AMERICA. 

TYPES OF THE DISEASE, — 

During the course of the present investigation, specimens of the 
two types or forms of infection as described by the French investi- 
gators were collected in diseased mushroom houses in this country. 
In many cases it was difficult to determine to which type the diseased 
individuals belonged, as there are gradations between the two forms. 
Often cap, stipe, and gills are clearly defined, the presence of the 
malady being indicated by small tubercles on the cap and a fluffy 
white growth on the gills, a form of the disease known in France 
(Costantia and Dufour, 1892c, p. 471) as “‘chancre.”’ 

In this country the common form of the disease is similar to that in 
France. The mushrooms are covered with a white, velvety coating, 
which consists of interwoven hyphe. This growth prevents the 
normal development of the individual gills, which become more or 
less coalescent, a condition shown in Plate I. The progress of the 
disease is also frequently accompanied by arrested development and 
by the distortion of the cap and stipe, as well as by the general 
darkening and decay of the tissue. These characters are illustrated 
in Plates IT and III. 

In cases of infection termed by the French the ‘‘scleroderma”’ form, 
the stipe is bulbous and the cap rudimentary or entirely lacking. In 
this form the gills are completely aborted, and the diseased mushroom 
is covered with a coating of interwoven hyphez similar to that of the 
common form. It has been observed that in this form of the disease 
the plants are much softer than in the other form and that they decay 
more rapidly. Monstrous soft masses with thick white coatings of 
the fungus are often observed in houses in which the disease is abun- 
dant. These infected plants have very little resemblance to mush- 
rooms, and they decay rapidly, forming a putrid mass which emits 
a disagreeable, almost acrid odor. Figure 1 illustrates one of these 
masses. Clumps greatly exceeding this in size are often found. 

MICROSCOPIC CHARACTERS OF THE FUNGUS. 

The small-spored Verticillitum described by Costantin ana Dufour 
(1892c) has not been observed in the specimens examined from 
American houses, but it has been possible to grow the Mycogone in 
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cultures from inoculations made indiscriminately from the common 
and sclerodermalike forms. Further investigation, however, may 

demonstrate the occurrence of this small conidial form. 
Ficure 2 illustrates the Mycogone stage of the disease. During the 

course of the present investigation many hundreds of cultures were 
made, both from infected material and by transfers from pure cul- 
tures of the fungus. With few exceptions, spores of Verticillium 
developed first and later were followed by Mycogone. The spores of 
Verticilltum are hyaline, oblong cylindrical, and borne on tapering 
branches. They are generally one celled, but occasionally larger, 
2-celled spores are developed. They are variable in size, the aver- 
age measurement being 20 by 3.5 » for the larger 2-celled spores. The 
cell wall is uniformly thin. Often, as noted by Costantin and Dufour 

Fic. 1.—lIrregular mass of a diseased mushroom growing among normal mushrooms. 

(1892c) and Prilheux (1897), these Verticillium spores were borne on 

the same hyphe as the Mycogone spores. The Mycogone spores were 
usually produced at the bases of the hyphe strands and the Verticil- 
hum spores at the apexes. 

Figure 2 is an illustration of the Mycogone spores and the manner 

in which they are produced on the mycelium. They are two celled, 
the upper cell spherical and rough or covered with warts. At first, 
both cells are hyaline or colorless; later, the upper cell becomes light 
brown, the lower cell usually remaining hyaline, but in rare cases 
becoming faintly tinged with brown, averaging in size from 20 to 
30 w. The cell walls are thick, while the spores of the Verticillium 
possess very thin walls. 
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THE DISEASE IN MUSHROOM BEDS. 

The study of the mushroom disease in America has proved the 
fungus to be exceedingly variable as regards the time of its appear- 
ance. In some instances evidences of Mycogone were observed when 
the mushrooms were just beginning to appear; again, the crop was 
well developed before being attacked by the parasite. The experience — 
of the French growers also proves that the time of the appearance of 
the disease is subject to great variation, but that ordinarily it reaches 
its height about the middle of the productive period of the beds. 

The occurrence of diseased mush- 
rooms in an infected house is very 
sporadic. Sometimes isolated dis- 
eased specimens will appear among 
normal mushrooms, while again per- 
fectly healthy mushrooms will be 
observed growing in a badly dis- 
eased bed. An example of a badly 
diseased specimen growing among 
normal mushrooms 1s illustrated by 
figure 1. 

PROPAGATION AND DISSEMINATION OF THE 
DISEASE. 

The manner in which the parasite 
is propagated in the beds is only 
partially known, but from the ex- 
perience of foreign growers and the 
studies of the writer there can be 
little doubt that the disease is dis- 
tributed by the spawn and that the 
fungus grows up with the mycelium 
of the mushroom, which it finally 
attacks and destroys. 

Fic. 2.—Mycogone spores, Showing the thick- : ; ‘ 

walled and warty cells. Magnified 425 A thorough investigation of one 
diameters. From a photomicrograph by of the American mushroom spawn- 
Dr. Albert Mann. 

; 

manufacturing plants in which the 

so-called ‘‘tissue method” of spawn making is practiced leads to the 

conclusion that there is little chance of the disease being carried by 

the spawn where proper precautions are taken to prevent infection. 

To prevent infection of the spawn entails great care on the part of 

the manufacturer. He must be absolutely sure that his cultures are 

made under sterile conditions and that the bricks are kept from any 

chance of contamination by spores of the parasite. Investigation and 

inquiry among most of the large growers in this country have dis- 
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closed the fact that the disease is as prevalent in the beds of growers 
who use imported spawn entirely as among those who use domestic 
spawn. Instances of the use of both foreign and American manufac- 
tured spawn by growers in localities where the disease was present 
have been noted in which there was no trace of the disease. It is 
the general opinion among American growers that the disease was 
introduced by imported spawn. 

In the course of the present investigations it has been possible to 
propagate the parasite in the hens tame on pieces of blank spawn 
bricks! in sterilized bottles. The mycelium of the fungus spreads 
over the pieces of brick, eventually fruiting and producing spores of 
Verticillium and Mycogone. These experiments prove that under 
proper conditions the parasite will grow on the spawn bricks. The 
growth of the fungus appeared to be superficial, and it could not be 
ascertained whether or not the mycelium penetrated the bricks. No 
reliable method has yet been evolved to determine the presence or 
absence of the mycelium of Mycogone in spawn bricks. The ob- 
servation of the writer has been that there are no marked differences 
between spawn in an infected bed and that in healthy beds. 

Although our knowledge is incomplete as to the exact way in 
which the parasite spreads through the beds, because of insufficient 
experiments on this phase of the subject, it seems probable from the 
limited data that the parasite does grow through the manure of the 
mushroom beds and attacks the developing mushrooms, producing 
spores by means of which the disease may be carried to other beds. 
In addition to this method of reinfection, the question suggests itself 
as to whether the fungus may not persist for long periods in the 
lumber used in the construction of houses or beds. In order to deter- 
mine this point many cultures were made from the wood secured 
from diseased houses, but at the present time no definite conclusions 
can be drawn. 

LONGEVITY OF THE FUNGUS. 

In order to obtain data which would be of assistance in devising a 
method for the control of the mushroom disease, two distinct lines of 
investigation on the subject of the longevity of the fungus were 
inaugurated. Laboratory and field experiments were continued 
during a period of over three years. While the experiments were 
not sufficiently exhaustive to be conclusive, they are significant and 
interesting. 

Laboratory experiments.—Many different sets of cultures were made 
on corn meal in 100-cubic-centimeter flasks. These were opened, 
examined, and transferred at certain pes in cee to ascertain 

1 Blank spawn bricks are bricks in which the mushroom mycelium has not been “‘run,’’ or grown. 

49597°—Bull. 127—14—_2 
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their power of germination. Several hundred cultures were made 
during this series of experiments, and no growth was produced from 
cultures after a period of 18 months. It should be stated, however, 
that the cultures were kept in a dry place and were consequently 
thoroughly dried out at the termination of 18 months. That the 
organism retains its vitality for such a period and on an artificial 
medium demonstrates its dangerous nature. The probability is 
strong that in the mushroom house, under more favorable conditions 
of humidity and temperature, it would retain its power of germina- 
tion much longer. 

Field observations.—The writer’s opportunity to study the vitality 
of Mycogone in the beds of different mushroom houses has covered a 
period of about three years. One case for observation was that of 
a new house in which earth was mixed with manure from a badly 
infected house, which manure had been exposed to the weather for 
five years. This house produced a splendid crop of mushrooms, 
which indicates that the fungus exposed to the weather had not 
retained its vitality at the close of this period. A case in which the 
fungus persisted for three years is cited by Costantin. Two caves were 
held under observation; one was new, while the second had been 

used for mushroom cultivation for over 30 years, although the culture | 
had not been continuous. This second cave was idle for three years 
before being employed for this experiment. The yield of the new 
cave exceeded that of the second, and the presence of the disease in 
the first was negligible, while in the second it was considerable. 
The conditions and attention in the two caves were practically the 
same, and, while the report does not mention what precautions were 
observed to prevent infection of the new beds, the result would indi- 
cate that the spores in the abandoned cave had retained their vitality 
for at least three years. 

CULTURAL STUDIES TO DETERMINE A MEANS OF CONTROL. 

Many hundreds of cultures of Mycogone were made during the 
course of the present investigation, for the purpose of studying the 
development and habit of the fungus and observing the direct effect 
of fungicides and disinfectants upon the organism. It was found 
that the fungus could be cultivated upon numerous different media, 
but as corn meal in flasks and corn-meal agar proved very congenial 
media they were employed in most of the experiments. The fungus 
grew rapidly, producing vigorous cultures, and practically no diffi- 
culty was experienced from contaminations even when fresh cultures 
were made directly from diseased mushrooms on which spores of 
various fungi were doubtless present. Figure 3 shows a photograph 
of one of the cultures, all of which exhibited a similar vigorous growth. 
In the early stages the cultures of the fungus were white, soon becom- 
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ing drab in the center and finally hght brown. As the method of 
erowth is centrifugal and the marginal growth of the culture is the 
youngest, it is the last to become brown. The most important 
physical factor concerned in the growth of the fungus in culture 
proved to be humidity. While ordinarily low temperatures are not 
conducive to the growth of fungi, in the present instance it was found 
that a moist atmosphere was more important to the growth of the 
cultures than a high temperature. This observation was made from 
the study of numerous cultures in flasks and tubes and on various 
media subjected to different degrees of humidity maintained at 
various temperatures. Cultures grew at a temperature as low as 

2° C. (85.6° F.) when considerable moisture was present, while cul- 

tures at a temperature 

oso CO: O5- E)iin’a 

dry atmosphere failed 
to produce any growth. 
This peculiarity of the 
fungus is an important 
factor in the method of 
fumigation. 

TREATMENT WITH FORMAL- 

DEHYDE GAS. 

In view of the impor- 
tant réle of formalde- 
hyde as a disinfectant 
and fungicide and the 
success obtained from 
its use in inhibiting the 
growth of certain para- 
sitic fungi (Patterson, 
Charles, and Veih- 
meyer, 1910), a series of laboratory experiments was performed 
to determine the effect of formaldehyde upon the Mycogone disease 
of cultivated mushrooms. 

The apparatus used in these experiments is fully described and 
illustrated in Bulletin No. 171 of the Bureau of Plant Industry. It 
consists of a large air-tight box provided with a glass door and a set 
of drawers, whereby cultures can be withdrawn from the box at any 
time during the process of fumigation with a minimum loss of the 
formaldehyde gas. 

Fic. 3.—Petri-dish culture of Mycogone on corn meal, 211} hours 

after inoculation made from an infected mushroom. 

CHEMICALS EMPLOYED. 

The formalin employed in these experiments was purchased in the 
open market and was supposed to be of full strength, which should 
contain 40 per cent by volume of formaldehyde gas (37 per cent 
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weight U.S. P. standard). The formaln-permanganate method was 
used to generate the gas in all the experiments, since it has been 
found that it is the only practicable way of using the gas in mushroom 
houses. By this method formalin is poured on crystals of potassium 
permanganate, and this was the procedure in the laboratory experi- 
ments, but in the practical application of the method it was found 
necessary to deposit the potassium permanganate in the receptacles 
containing the formalin. Chemically pure potassium permanganate 
in finely divided crystals was used. In each of the experiments the 
proportions were 100 cubic centimeters of formalin to 50 grams of 
potassium permanganate. 

EXPOSURES OF CULTURES. 

In the laboratory experiments, pure cultures of the fungus were 
subjected to the direct action of the formaldehyde gas. The cultures 

were exposed to the gas 
in Petri dishes and 100- 
cubic-centimeter flasks.! 

Transfers for checks 
were made from the cul- 
tures to be subjected to 
the action of the gas 1m- 
mediately before thefumi- 
gation and again imme- 
diately after fumigation, 
in order to determine the 
effect of the formaldehyde 

fungus. Figure 4 shows 
the manner in which the 
inoculations were made in 
every case in Petri dishes. 

Fig. 4.—Check culture, experiment 5: Transfer made from There were four centers 

culture before it was subjected to formaldehyde gas. : : 

From a photograph made 1893 hours after inoculation. of inoculation, and the 

amounts transferred from. 

the fumigated cultures were large enough to allow abundant chance 
for the fungus to grow. In the flask cultures four inoculations were 

also made. 

Resuurs or FumiGation with ForMALDEHYDE ON CULTURES OF THE FuNcus. 

The results of these experiments are given in TableI. The efficacy 

of formaldehyde in destroying the parasite is clearly shown by these 

experiments. As stated by McClintic (1906), and also by Patterson, 

Charles, and Veihmeyer (1910), it seems that higher temperature and 

Verticillium alone. 

gas on the vitality of the - 

ee ee 

eee ao 

ae 

pated 
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TasLe I.—Results of experiments with formaldehyde gas on cultures of the fungus. 

Nunes of cur | Growth ( peHlod in days)! of the fungus 
Temper-| Forma- |Age (in| tures exposec in checks and in transfers made from 

Experiment. eeirc lin (¢. ¢.) ae of} _ to formalde- | Num- cultures exposed to the gas for 30 and 
(°F.) |per1,000|culture} hyde gas for— pauet 60 minutes, respectively. 
before cubic |at time i alfa Bal 

ea sente ae ae 30 min- | 60 min- made. . 
Date. |No. @ OAD ENS ES Sltnites thes Check. | 30 minutes. | 60 minutes. 

1911. 
Bilal Qooc5bS< ; 

la 55 700 21 12 13 Aula ee A. i ays aa ne 
2in 18 

: ita Qossesasc 2in6 ical 5B 700 17 i i ral ee, wae cane Zin G 
GyiniGeeeear = 
ing es 1in7 

le 55 700 7 11 12 LUNN BAS 1 in 14. 1in 21 
1in17 ||1 in 26 
1 in 26 
1 in 83 3 in 44 
1 in 20 2 in 53 

| Heb 81/2 67 700 11 22 23 ul Bawooebes 1 in 25_. 1in 9} 

| | 1 in 28.. 1 in 28. 
Mar. 1 | 3 65 800 16 19 18 Sino shinee No growth 1 in 53. 

| Mar. 10 | 24 76 900 23 16 18 10 SRR AD eS ena dossias: No growth 
Mar. 16| 5 58 1,000 12 14 15 Deo Panes Ss ae doze =: 3 0. 

| hap 2 74 900 17 | None. 12 Al | eA Scalia shee BURNIE nc 1 in 38. 
| BE Nora" 76 | S00 9 11 11 GSP Palos No growth..| No growth 

Apr. 14 |48 | 78 700 11 10 9 GS) DAN eyo oeae WOsthsse ] Oo. 
| 1 in 8h 1 in 83. 

| Apr. 20 | 69 73 600 13 12 10 6 | 5 in 32 ian 2% Solhell abah alee 

| | | 1 in 20 
| Facil 2 Bitar seme (nV Aue esac 1 in 10 Apr. 25 710° 76 500 20 | None. 15 6 { fe ig aes ina eas 

| 
| a 

RECAPITULATION OF RESULTS. 

esas Percentage of check cultures and transfers om Cae ate 
Formalin S grew after exposure to formaldehyde gas for stated lengths 

Experi- Aue PE) (ec. @.) per Gays) :0t of time. 
ment before _ |1000 cubic aie use 

No. | mixing. | fet of | of tumi- 8- | space. Mapa) Ghose Tei le 180 60 90 18% 
8 : * | minutes. | minutes. | minutes. | minutes.| hours. 

10 76 500 20 83. 33 AD SOM Nee See IBS) |losesorcooal 0 
9 73 600 13 Bees |lbcoceeease 16. 67 30 0 0 
8 78 700 11 | 80 0 0 0 Quilse ase Sass 
la 50 700 PA he) OO Ke men | emery ee 58. 33. | OSS || fas see es | eis meee eee 
ib 55 700 HU g/ Silat ae COOL We al | ey Ss eee T2002) | SOSOOHE Re Sec ers eerie a 
le 55 700 u LOOM ite Seer hea 90. 90 Ze eR eye nys ape al OS eetre ate 
2 67 700 1 AL OO 1. ne eee See ee 18.18 BASSO yacr ea hails era pee 
3 65 800 Gali lOO eBay eee ee: 0 ONOOI | Se REM eto ae 
if 76 800 9; 100 0 0 0 Op Sasa eee 
4 76 900 23 | LO OMAR. sey a8 i) 0 | Ov sek eeresee 
6 74 900 Ade iar wae COO ay |r eg Ace Me ee 8533 eee tee se eee 
5 58 1,000 fouls? too; Ween ee dare 0 eke aoe eG 

1 The period for growth was reckoned to the time when an indication of gro 
transfers first appeared. 

2 Tn experiment 4, 17 cultures also were subjected for 90 minutes to formaldehyde gas, and the transfers 
from them showed no growth. 

3 In experiment 
maldehyde gas, an 

7 
d 

7th of the fungus in the 

12 cultures were also subjected for 15 minutes and 11 cultures for 90 minutes to for- 
the transfers from them showed no growth. 

4 In experiment 8, 10 cultures were also subjected for 15 minutes to the gas and 10 cultures for 90 minutes. 
None of the transfers grew. 

> One culture contaminated. 
6 In experiment 9, 12 cultures were also subjected for 90 minutes and 11 cultures for 18} hours to the gas. 

There was no growth in the transfers. : 
7 In experiment 10, 14 cultures were also subjected for 15 minutes to the gas, and 6 transfers grew in 16 

days; 14 cultures also were subjected for 194 hours and the transfers from them showed no growth. 

The total absence of growth in the transfers from the cultures 
subjected to fumigation and the abundant and vigorous growth in 
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the check cultures were constant and characteristic of this series of 

experiments. 
TREATMENT WITH COAL OIL. 

Karly in the investigation of the problem of this mushroom disease 
it was learned that certain growers believed coal oil to be effective in 
destroying the spores of the fungus and checking the spread of the 
disease. The coal oil was poured on sections in the beds where 
diseased mushrooms had appeared and was also employed for the 
disinfection of the hands and tools. In order to demonstrate the 
efficacy or inefficacy of this treatment a large number of cultures of 
the fungus were grown on corn meal in 100-cubic-centimeter flasks 
and subjected to the direct action of the oil. These cultures were of 
various ages, but all in a state of vigorous growth. An arrangement 
was made by which the flasks could be inverted over the nozzle of a 
pipe supplying compressed air and made to pass through a stream of 
coal oil. The compressed air was turned on and the coal oil sprayed 
upon the culture. One half of the cultures were removed after the 
fungus had become covered with a film of coal oil. It was thought 
that this would be comparable to the condition in a mushroom 
house where coal oil was sprayed on the bed boards, walls, floors, 
and ceiling. The remaining cultures were sprayed until they were 
drenched with oil. In these the coal oil thoroughly penetrated the 
culture, which was practically an immersion of the fungus in coal oil. 

As in the experiments with formaldehyde, transfers were im- 
mediately made from the treated cultures. These cultures grew as 
quickly and as vigorously as the check cultures (transfers made 
from the cultures before bemg treated with coal oil). A sufficient 
number of these experiments were made to demonstrate the inefficacy 
of coal oil as an agent for controlling this disease. 

TREATMENT WITH ADDITIONAL DISINFECTANTS. 

Costantin and Dufour (1893a) experimented with a variety of 
chemicals, to note their action on the growth of the fungus in cultures. 
The experiments were carried on in such a way that the toxic effect 
of the chemicals could be definitely determined. The following were 
used: Lysol, thymol (or thymic acid), boric acid, copper sulphate, 
calcium bisulphite, and milk of lime. These authors range the 
chemicals in the order of their effectiveness as follows: (1) Lysol 
(2 per cent solution), (2) thymol (2 per cent solution), (8) copper 

sulphate (2.5 per cent solution), (4) boric acid (to saturation). The 

milk of lime which many growers used for cleaning their caves was 
ineffective in preventing the growth of the disease, and the use of 
calcium bisulphite is not advised. From these experiments these 
authors advise the use of a 2 or 2.5 per cent solution of lysol as a 
spray to disinfect mushroom caves. 
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The investigators (Costantin and Dufour, 18926, p. 145) described 

cultural experiments of the parasite, usimg sulphur dioxid produced 
by burning sulphur. It was concluded that “‘sulphur dioxid has a 
very destructive effect upon the spores of the parasite.’ Directions 
are given (Costantin and Dufour, 18936, p. 411) for the fumigation of 

mushroom caves by burning sulphur. These investigators in a later 
publication say that the sulphur method of fumigation is attended 
with such inconvenience that spraying with lysol is preferable (Dela- 
croix, 1900). 

The Great Britain Board of Agriculture and Fisheries (1905) recom- 
mends the thorough spraying of the house or other structure in which 
the mushrooms are grown with asolution of sulphate of copper, 1 pound 
of sulphate to 15 gallons of water, three times at intervals of 10 days. 
This treatment has been recommended to English growers since 1905 
(Gardeners’ Chronicle, 1906-1912). 

Costantin and Dufour (1893a, p. 510) found that copper sulphate 
had a very feeble antiseptic action on the parasite. In America the 
attempts to control the disease by this fungicide have been discourag- 
ing to the majority of the growers using it. 

Costantin (18930, p. 530) and Dufour (Costantin and Dufour, 1893a, 
p. 504), from the results obtained in experiments in a mushroom cave, 
advised the use of a 2.5 per cent solution of lysol. When the cave is 
dry, one spraying is said to be sufficient, but if it is very damp two 
thorough sprayings are to be given. A 2 per cent solution of lysol in 
water was used to check the spread of the disease in the mushroom 
bed in an infected cave. Places where the diseased mushrooms ap- 
peared in the beds were watered with the solution and the disease 
destroyed. In one of these places, watered with the disinfectant, a 

cluster of healthy, normal mushrooms later developed. 
So-called “‘sanitary fluids,” of which there are quite a number on 

the market, composed of coal-tar derivatives, saponified, are of a 
nature similar to the lysol used abroad. 

Several experiments have been made with such fluids. Although 
the number of these experiments was limited and the results not abso- 
lutely conclusive, in view of the previous French experiments with a 
similar disinfectant 1t is thought that these sanitary fluids will be 
effective for the uses mentioned, while the price is not prohibitive. 

PRACTICAL EXPERIMENTS TO CONTROL THE DISEASE. 

A practical application was made of the information acquired from 
the results obtained in the laboratory experiments with formaldehyde 
gas in the inauguration of experiments for the control of the disease. 
This economic phase of the work received attention during several 
years. Continuous observations were made of the same houses 
during this period, but each succeeding year additional houses, with 
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their more or less differing conditions, were added as subjects of study 
in the practical application of the formaldehyde method for the 
control of the disease. Experiments were made in fumigating houses 
with different amounts of formaldehyde, the following proportions 
being used: 26 fluid ounces of formaldehyde per 1,000 cubic feet, 1 
quart of formaldehyde per 1,000 cubic feet, and 3 pints of formalde- 
hyde per 1,000 cubic feet. The proportion of 3 pints to 1,000 cubic 
feet was found to be more effective and will probably prove the most 
satisfactory in ordinary practice. In cases in which the leakage was 
considerable, allowance was made for such loss. 

During the course of the present investigation 16 houses were 
fumigated by the writer or according to his directions. Two of these 
houses were fumigated at the rate of 26 ounces of formaldehyde per 
1,000 cubic feet, five at the rate of 1 quart of formaldehyde per 1,000 
cubic feet, and nine at the rate of 3 pints of formaldehyde per 1,000 
cubic feet. 

. Two houses which were total failures the season previous to fumiga- 
tion, after treatment produced crops which the grower reports as 
follows: ‘‘I believe that I never had a finer or more promising house 
or better mushrooms.’ The results of fumigation were successful in 

all cases in which the proper sanitary methods were observed to pre- 
vent reinfection of the houses. 

From the writer’s observations of the results of these experiments 
with fumigation and the satisfaction expressed by the growers in the 
course of conversation or correspondence as to the efficacy of the 
treatment, the important réle of formaldehyde as an agent in con- 
trolling the mushroom disease seems practically demonstrated. 

MEASURES OF CONTROL. 

As a result of the present investigation of the Mycogone disease of 
mushrooms, the following measures may be advised for the control ot 
the fungus. The treatment is more or less prophylactic in its nature 
and seeks rather to prevent the appearance or spread of the disease 
than to eradicate the fungus after it has actually made its appearance. 

SANITATION NECESSARY IN RELATION TO THE DISEASE. 

Too much emphasis can not be placed upon the danger from the 
fungus, because of its highly infectious nature. The remarkable 
rapidity with which the fungus is propagated and the great vitality 
possessed by the spores, as shown in the preceding pages, make it 
absolutely essential to observe great care in the construction of new 
beds or in passing from an infected to a noninfected bed. The ways 
in which the spores may be carried from place to place are numerous. 
They may be contained in the manure or soil for the casing of the 
beds, in particles of earth or manure adhering to the boots and shoes 
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of the workmen, or they may be present on tools and implements used 
in the mushroom houses. Wind and insects, especially the mushroom 
fly, are probably active agents in the distribution of the disease. 

Tt is a deplorable fact that there are growers who allow diseased 
mushrooms to decay on the:beds. There is in many cases so much 

discouragement due to losses occasioned by the disease that no effort 
is made to clean off the beds, the growers being content to pick what 
few normal mushrooms they can and avoid the labor necessary to 
suitably dispose of diseased specimens. 

Figure 5 shows a photograph of a bed which has been practically 
exhausted, no normal mushrooms being produced. The grower has 
allowed the diseased masses to remain and decay and these will produce 
millions of spores, which will become a menace to new beds. These 

spores will become mixed with the manure and earth when the beds 

Fic. 5.—Diseased mushrooms left to decay upon the beds to become a menace to future crops. 

are removed and, if not suitably disposed of, may be introduced into 
the house when new beds are made. 

All diseased material should be picked off as soon as it makes its 
appearance. The labor of keeping the beds clear of the diseased 
specimens will be repaid many times over in preventing the spread of 
the malady. An important measure for the control of the disease is 
to prevent the production of spores of the parasite. 

Places in the beds where the fungus appears may oe treated with 
either of the disinfectants mentioned, formalin or one of the “‘sani- 
tary fluids,’ to prevent the spread of the disease. Diseased mush- 
rooms picked from beds should be soaked with a disinfectant. For 
this purpose a solution of 1 gallon of formalin to 1 barrel of water (45 
gallons) should be used. The only reason for not using formalde- 
hyde solution is the discomfort in handling it. Its fungicidal action 
against the disease has proved to be effective. In place of the 



18 - BULLETIN 127, U. S. DEPARTMENT OF AGRICULTURE. 

formaldehyde solution, one containing 5 per cent—a gallon to a barrel 
of water—of one of the sanitary fluids composed of coal-tar deriva- 
tives will be satisfactory. This percentage is higher than that 
commercially recommended. 
When the material is removed from the bed at the completion of the 

production of the crop, it should be immediately removed to places 
where there will be no possibility of bringing the disease back into the 
houses. The Mycogone disease, as far as is known, does not affect 

other cultivated crops. The old compost may therefore be used as a 
fertilizer, but it should be sold only to farmers who will carry it to a 
distance and to a locality where mushroom cultivation is not prac- 
ticed. 

The ground in the vicinity of the houses, the composting yard, and 
places with which the diseased materials have come in contact must 
be thoroughly sprayed with one of the disinfectants. If it is necessary 
to place the new manure or soil on ground where the old compost 
from diseased houses has rested, it will be necessary to give several 
such sprayings. 

All tools, carts, wagons, and wheelbarrows which have been used to 
handle the infected materials must be thoroughly treated with the 
disinfectant. 

Soil for the casing of the beds and for mixing with the manure must 
be selected from a place which has not been in contact with the disease. 

The houses which have been fumigated should be kept closed until 
precautions to prevent the reentrance of the disease have been taken. 

DIRECTIONS FOR FuUMIGATING MusHROOM HOUSES. 

Preparatory to fumigation, the houses should be completely cleaned 
of all old bedding material and thoroughly swept. The proper 
method for the disposal of this material has already been described. 

A warm, moist day should be selected for fumigation, as the fungi- 
cidal effect of the gas is greater under such conditions. To this end, 
the house should be thoroughly sprayed with water and kept warm 
for about a week or ten days. To insure sufficient humidity, this pro- 
cess should be repeated the day before the fumigation is to be per- 
formed. The houses should be closed and sealed and made as nearly 
air-tight as possible by pasting paper over all cracks and filling up 
all openings, thus preventing the escape of the gas. If care is not 
exercised to prevent leakage of the gas, the fumigation may be ren- 
dered ineffective. The same grade of formaldehyde (or commercial 
formalin) as that used in the experiments with pure cultures of the 
fungus is advised for practical work. 

Three pints of formalin should be allowed for every 1,000. cubic 
feet of space, the reagents being used in the proportion of 1 pint of 
formalin to one-half pound of potassium permanganate. In houses 
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24 by 100 feet, the usual size of mushroom houses, at least three 
receptacles should be used in which to generate the gas. It does not 
matter what the material of the receptacles may be, for the formalin 
has no corrosive action, but the heat of the chemical reaction, when 
potassium permanganate (permanganate of potash) is added to the 
formalin, might break glass receptacles. Half barrels, wash tubs, and 
iron or earthen receptacles are suitable, but it is advisable to select 
containers in which the diameter of the top is greater than that of 
the base. The formalin should cover the potassium permanganate 
when it is placed in the receptacle, which should be deep enough to 
imsure the formalin from splashing over as a result of the vigorous 
chemical action. 

The proper amount of formalin is measured and divided among 
the number of receptacles to be used in each house, while the proper 
proportion of potassium permanganate to be added to the formalin 
in each receptacle is carefully weighed out into paper or cloth bags. 
It will be found more satisfactory and the possibility of error may 
be avoided if hke amounts of formalin and potassium permanganate 
are placed in each receptacle. If convenient, receptacles of a uniform 
size should be selected. 3 

The weighing and measuring of the chemicals should be accom- 
plished as quickly as possible after the receptacles containing the 
formalin are placed in the house. It is advisable to weigh the potas- 
sium permanganate into the bags first and then to measure the for- 
malin for the respective receptacles, since considerable gas will be 
given off from the formalin and the house being almost air-tight, 
extreme physical discomfort due to the formaldehyde gas might 
result. The receptacles contaming the formalin are then placed in 
position in the aisles of the house. In average-sized houses it will 
be sufficient to place the receptacles in the center aisle, but in larger 
houses the gas must be more evenly distributed by placing some of 
the receptacles in the several aisles. There will be required as many 
persons to place the bags of potassium permanganate in the formalin 
receptacles as the number of aisles in which the receptacles have 
been placed. 
A bag of potassium permanganate is placed beside each receptacle 

containing the proportionate amount of formalin. When everything 
is ready, the operator in each aisle, if there are receptacles in more 
than one aisle, goes to the farthermost receptacle in that aisle and 
places the bag of potassium permanganate in the formalin, the 
operation being simultaneous in each aisle. Egress is made through 
the door at the end of the aisle, which is quickly closed and tightly 

sealed. 
The operation should be accomplished as quickly as possible, and 

care should be taken to prevent accidents, for inhaling large quantities 
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of the gas may prove injurious. Formaldehyde has a distressing 
effect upon the eyes, and also attacks the mucous membranes, with 
consequent discomfort. 

The potassium permanganate may be placed in the receptacles first, 
which should be of selected size, so that it will just cover the base of 
the receptacle. This was the method followed in the cultural experi- 
ments, but, as already stated, for general practice it was found more 
convenient to place the formaldehyde in the receptacles first. 

The formalin-permanganate method of fumigation differs radically 
from other methods. The potassium permanganate is decomposed 
by a part of the formalin, and the heat of this chemical reaction serves 
to liberate formaldehyde gas. 

Formaldehyde gas is explosive when in a confined place, such as a 
mushroom house; consequently, all lights must be kept away from the 
houses while they are being fumigated. Even after the receptacles 
containing the formalin are placed in the houses, they should not be 
entered by persons with lights. . 

The houses should be kept closed for at least 24 hours. If possible, 
they should be unopened until just before the new beds are to be 
installed, thus preventing any chance of their being infected meantime. | 
Under no circumstance should the houses be opened until the manure 
which had been taken from them has been removed and the ground 
where it was placed thoroughly disinfected in the manner described. 

CONCLUSIONS. 

The disease of cultivated mushrooms is the cause of extensive losses 
to growers in this country, who state that unless precautions are taken 
to prevent its spread it will necessitate the abandonment of the indus- 
try in infected localities. 

The disease of cultivated mushrooms apparently is the same as that 
which has caused great losses to foreign mushroom growers for many 
years. 

This disease is caused by a fungus, a species of Mycogone, which has 
two forms of spores, one possessing thin and the other thick walls. 
Experiments prove that the thick-walled spores retain their vitality 
under ordinary cultural conditions for considerable periods of time. 
A moist atmosphere is essential for the growth of the fungus, as 
moisture rather than heat favors luxuriant growth. Cultures kept 
in a dry place were found to retain their vitality about 18 months. 
This would indicate that under natural conditions the life of the speres 
would be much longer. 

The removal of the diseased mushrooms as soon as they appear will 
prevent the production of the thick-walled spores and thus lessen 
the spread of the disease. ) 
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As the disease is carried by many different means, the greatest care 
must be taken to prevent the infection of clean houses. There are, in 
general, two ways in which infection may take place: (1) It may be 
introduced into the house by means of the spawn and (2) the manure 
or soil for the beds may contain spores of the fungus. In the first 
case, the disease becomes evident as soon as the mushrooms begin to 
make their appearance, and all portions of the beds are affected. In 
the second case, beds may become infected by spores from a previously 
diseased crop. Air currents free these spores from crevices or wher- 
ever they may have lodged and thus assure a recurrence of the 
trouble; insects may carry spores from other diseased beds, or from 
diseased material which has been allowed to remain outside the houses, 
or spores may be carried on clothing or tools. When the spores of 
the parasite are introduced in such a manner, the disease may make 
its appearance a considerable time after the crop has begun to bear. 

The abandonment of diseased houses for less than three years will 
be insufficient to rid them of the parasite, and a period of more than 
three years may be necessary. 

Formaldehyde-gas fumigation and the observance of proper san- 
itary measures should be employed. 

Formaldehyde gas, even in small quantities, retards the growth of 
the fungus, and when sufficiently strong will destroy the spores. A 
rate of 3 pints of formaldehyde or formalin per 1,000 cubic feet should 
be used, in the proportion of 1 pint of “onmallia to one-half pound of 
potassium permanganate. 

‘Fumigation will control the disease in the houses, but will not keep 
them free, since bringing infected material, tools, etc., into the houses 
will certainly start the disease anew; therefore every precaution 
should be taken to prevent the reinfection of the houses after they 
have been fumigated. 

Coal oil has no effect upon the spores of the parasite. 
Diseased material should be removed from the houses immediately 

and treated with a disinfectant, preferably a solution of 1 gallon of 
formalin to about 45 gallons of water. This disinfectant should be 
used to spray all places where diseased material has been. ‘Tools 
and conveyances should also be treated. 

The disease is highly infectious, and the measures to be taken are 
more prophylactic than palliative in their nature. 

Certain questions are yet to be solved concerning the life history 
of the fungus, such as the development of a perfect stage, but the 
method evolved for the control of the disease has proved effective 
and has resulted in saving large sums to mushroom growers. 
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